In 1995-1997, the population dynamics of the flea beetles Chaetocnema tibialis and Phyllotreta vittula, associated with Amaranthus retroflexus (wild species) and Amaranthus caudatus (cultivated species), were studied at the locality Nitra-Malanta (48°19'N, 18°09'E) in south-western Slovakia. On both plant species, the number of C. tibialis adults was usually very low until the beginning of July. During July the number of C. tibialis increased, but sooner on cultivated amaranth. An increased number of C. tibialis adults was observed on both amaranth species until the middle of September. The results showed that amaranth plants are a very important reservoir of C. tibialis during summer. P. vittula was a common flea beetle on amaranth during the whole summer, but its numbers never exceeded more than 10 adults per 25 plants. Low temperatures in winter had a negative effect on populations of C. tibialis on both amaranth species and also on populations of P. vittula on A. retroflexus. The lower the precipitation was in July, the higher were the populations of C. tibialis on both amaranth species and the populations of P. vittula on A. retroflexus.
Amaranthus retroflexus L. belongs to the 10 most important weeds in Europe (SCHROEDER et al. 1993) . Species of the Amaranthus genus are troublesome weeds throughout the United States (COETZER et al. 2002) and on other continents (KLISTER & KOGAN 2005; SHAUKAT & SIDDIQUI 2005; NAKAMOTO et al. 2006) . In addition to the loss caused by competition for nutrients and light (MANOJLOVIĆ 1984; MIKULKA & CHODOVÁ 1988) , it is a secondary host for the European corn borer (MANOJLONOVIĆ 1984) and potential host for other phytophagous insects (VRÁBLOVÁ et al. , 2001 TÓTHOVÁ et al. 2003 TÓTHOVÁ et al. , 2004 or pathogenic microbes (BÜRKI et al. 1997; ORTIZ-RIBBING & (DEBRE & KOLENOVÁ 1997) . Many species from the family Chrysomelidae (Coleoptera) have been recorded among the insects damaging amaranth species. In Europe (Yugoslavia), Chaetocnema tibialis Illiger was found on Amaranthus hybridus L. (NONVEILLER 1960) . Its damage to plants within the families Amaranthaceae and Chenopodiaceae was confirmed also by DOGUET (1994) .
In our previous paper we stated that 41.2-97.5% of the flea beetle populations on amaranth consisted of C. tibialis and it was found at all localities. It comprised 94.9-99.7% of the flea beetles on cultivated A. caudatus. In addition, Phyllotreta vittula (Redtenbacher) was present at each locality. All other species occurring on amaranth plants were probably concomitant.
The aim of this study was to determine the population dynamics of Chaetocnema tibialis and Phyllotreta vittula on wild amaranth, A. retroflexus L., and cultivated amaranth, A. caudatus, and evaluate the relationship between flea beetle populations and amaranth host plants.
MATERIAL AND METHODS
In 1995-1997, the population dynamics of the flea beetles Chaetocnema tibialis and Phyllotreta vittula associated with plants of Amaranthus retroflexus (wild species) and Amaranthus caudatus (cultivated species) were studied at the locality Nitra-Malanta (48°19'N, 18°09'E) in south-western Slovakia.
Insects were collected weekly during the vegetative growth stage (from 3 or 4 weeks after germination) using sweep nets on 3 × 25 randomly chosen plants on each date (Tables 1-4) . Plants were bent into and shaken in the sweep net. Collected insects were put to death, sorted and identified.
Climatic data were obtained from the Agrometeorology Station at the Slovak University of Agriculture at Nitra.
The numbers of C. tibialis on amaranth plants allowed to compare the populations during each date statistically. Analysis of variance was used to compare the populations of C. tibialis during the year. Regression analysis was used to find the relations among climatic data and population levels of both C. tibialis and P. vittula. Tables 1 and 2 show the population dynamics of C. tibialis on cultivated and weed amaranth in 1995-1997. Until the beginning of July 1995 the number of C. tibialis was very low on both plant species. During July the number of C. tibialis increased, but a significant increase was observed earlier on cultivated amaranth (July 17, 1995) than on the wild species (July 31, 1995) . On July 24 and July 31, the number of C. tibialis adults per 25 cultivated amaranth plants were 207.33 ± 30.05 and 228.00 ± 40.00, respectively, while on weed amaranth it was 57.33 ± 41.87 and 133.00 ± 50.43 on July 24 and July 31, respectively. An increased number of C. tibialis adults was observed on both amaranth species until the middle of September.
RESULTS
In 1996, the number of C. tibialis on cultivated amaranth significantly increased from the end of June (62.33 ± 19.60 adults per 25 plants on June 25) till the middle of July (July 10) (270.68 ± 8.37). The highest number of C. tibialis adults (109.00 ± 41.81 adults per 25 plants) was found on weed amaranth on July 30. In August and September the number of C. tibialis was usually higher than 25 adults per 25 plants of both cultivated and weed amaranth.
In 1997, the number of C. tibialis was very low on both amaranth species and usually did not reach more than 25 adults per 25 plants. Tables 3 and 4 show that P. vittula was a common flea beetle on Amaranthus plants during the whole summer, but its number never exceeded 10 adults per 25 plants. Significant differences between cultivated and weed amaranth were found only in 1995 when the number of P. vittula adults was higher on weed amaranth. In this year, only two beetles were found on cultivated amaranth during the whole season. In 1997, a very low number of P. vittula adults was observed on both amaranth species.
Correlation coefficients between climatic data and population levels of C. tibialis or P. vittula adults are shown in Table 3 . It shows that low temperatures in winter had a negative effect on populations of C. tibialis on both amaranth species and also on populations of P. vittula on A. retroflexus. The lower the precipitation was in July, the higher were the populations of C. tibialis on both amaranth species and of P. vittula on A. retroflexus. 13.9. 13.9. 
DISCUSSION
Pigweeds (Amaranthus spp.) are common weeds in sugar beet fields in Slovakia (ČERNÝ 1999), and C. tibialis is considered to be an important insect pest of sugar beet in central (PATAKI 1967) and southern Europe (STEF & BUZINOVSCHI 1982; NEVES 1983 ) and parts of Asia (YILDIRIM & OZBEK 1992) . The same flea beetle species was found on pigweed plants . Species composition and abundance of flea beetles (Coleoptera, Chrysomelidae) associated with Amaranthus retroflexus were studied in Erzurum province, Turkey. In all localities C. tibialis was more abundant than other species. Simple feeding tests in Petri dishes showed that only the Chaetocnema species were actually feeding on leaves of A. retroflexus (ASLAN et al. 2003) . In southern regions of the pest occurrence, overwintered adults emerged in early April. The population of these adults peaked in mid-May and declined from the end of May. The adults of the new generation emerged in mid-June. Thus the adults were most numerous in mid-May and again in July-August (GHADIRI 1990 (GHADIRI , 1992 . In T12 -average daily temperature in December of preceding year; T1…T9 -average daily temperature in January, February, … August of the studied year; T4-T6 -average daily temperature during April-June in studied years (average of 3 moths); T7-T9 -average daily temperature during July-September in studied year (average of 3 months); P4…P9 -sum of precipitation in April, May… August of the studied year; P4-P6 -sum of precipitation in during April-June in studied year; P7-P9 -sum of precipitation during July-September in studied year
Central Europe the adults of C. tibialis appeared towards the end of April and fed on sugar beet plants (WATZL 1950; SCHÄUFELE 1982) . In the same region, mating of C. tibialis occurred in May (WATZL 1950) . The usual time for sowing of sugar beets is the end of March, the temperature required for germination is 5°C, and after one month (end of April) the plants have three to four leaves (BAJČI et al. 1997) . Amaranthus spp. germinate at temperatures higher than 10°C. In Slovakia, germination usually starts between the end of April and the beginning of May (HÚSKA et al. 1997) . Thus, at the end of April there are well-developed plants of sugar beet, germinated Amaranthus plants and feeding adults of flea beetles. These adults influence the development of young amaranth plants. If they feed on wild amaranth they can be considered to be a biological control agent, but if they feed on cultivated amaranth, they are a pest. According to our results, the new generation of C. tibialis in Slovakia occurred in July and it was very numerous on wild amaranth (A. retroflexus) until autumn. It seems that wild amaranth plants are a very important reservoir of C. tibialis. Even so, C. tibialis has more host plant species, including Beta vulgaris L., Spinacea oleracea, Atriplex spp. L., Chenopodium spp. L., Sinapis arvensis L. and others (WATZL 1950; NONVEILLER 1960; GURJEVA & KRYZSANOVSKIJ 1965; PATAKI 1967; WARCHAŁOWSKI 1978) . Our observations confirmed that Phyllotreta vittula is a flea beetle common on both A. retroflexus and A. caudatus. It is known as a pest of cereals (NAIBO 1974; SEKULIĆ et al. 1989; KURPPA 1990; SZOEKE 1997) and has been recorded on Brassicaceae, Beta spp. and Sinapis arvensis (NAIBO 1974; HUREJ et al. 1997) . Although P. vittula probably prefers cereals, it seems that it can be found on many other host plant species. It is known that females of P. vittula oviposit in the soil in May, the larvae develop in June on the roots of various plants, giving rise to new adults at the end of June to beginning of July. These undergo both aestivation and hibernation before being able to oviposit in the following year (NAIBO 1974) . In Hungary, young adults of the new generation appeared in August and moved to overwintering sites by the end of October (VIG 1998) . A regression model of flight activity in both generations was established, based on the sum of day-degrees above the temperature threshold for flight of six Phyllotreta species (10.2°C) by KOCOUREK et al. (2002) . These authors showed that the onset of flight activity of adults of the overwintering generation in spring started at 30 day-degrees, and that of the adults of the summer generation at 280 day-degrees. According to our results it seems that adults of the second generation occurred in July since in June only very low numbers of adults were found. That date corresponds to a degree-day level of more than 400°C, but if calculated that the first adults emerged sooner it would correspond to the data of KOCOUREK et al. (2002) .
In 1997, compared to the previous 2 years, very low numbers of both flea beetle species were observed. Correlation coefficients calculated from 1995-1997 results show that populations of both species on A. retroflexus and the population of P. vittula on A. retroflexus were negatively influenced by wet conditions in July. Our results showed further that cold temperatures in December or January influenced the population dynamics of flea beetles. In colder countries like Sweden, weather was an important factor in determining the population size of flea beetles. After successive mild winters the population of chrysomelid beetles was high (RUFELT 1993) . The population was reduced following a cold, wet summer (EKBOM 1991).
Our results still leave open the question what is more important for population development of flea beetles: wet conditions in summer or a cold winter. It seems that both are important.
